ABSTRACT -This experiment assessed the effect of feed restriction in rabbits on performance and economic viability of the activity. Sixty New Zealand White rabbits, weaned at 33 days and slaughtered at 81 days of age, were used. The design was of randomized blocks with four treatments and five replications. The treatments were, as follows: 1 -free feeding, 2 -feed restriction from 35 to 40 days of age (50 g/d/rabbit), 3 -feed restriction from 54 to 61 days of age (90 g/d/rabbit) and 4 -feed restriction from 33 to 40 days (50 g/d/rabbit) and from 54 to 61 days of age (90 g/d/rabbit). There was no difference in the performance and carcass parameters, indicating that there was compensatory growth in the rabbits that suffered feed restriction. The best gross margin was obtained with feed restriction from 54 to 61 days age. Feed restriction in growing rabbits can be adopted at different ages because it does not interfere negatively in the performance and carcass parameters. In two periods and from 51 to 61 days, feed restriction was more economically viable for the sale of live and slaughtered rabbits, respectively.
Introduction
Feed for growing rabbits is rationed to reduce the incidence of enteropathies that lead to animal losses. Nevertheless, feed restriction can be used at different periods (usually from one to three weeks after weaning) or at different levels (restriction percentage in relation to free intake) (Di Meo et al., 2007) . Feed restriction suppresses growth during the restriction period, but the growth reduced can be compensated with greater future intake (Govaerts et al., 2000) .
During feed restriction, there may be increase in feed efficiency (Tumová et al., 2002; Dalle Zotte et al., 2005) and improved nutrient digestibility (Tumová et al., 2003; Di Meo et al., 2007) . However, carcass characteristics are factors to consider when assessing alternative feeding programs.
According to Ledin (1984) , carcass characteristics are not influenced by restriction. Tumová et al. (2003) reported that feed restriction did not affect weight (BW) or carcass yield and that rabbits that received restricted feed for three weeks had lower BW than the group restricted for one or two weeks, although yield was not influenced by the feeding regimen. The gastrointestinal tract is longer in the restricted animals, which might explain in part reduction in the carcass yield (Cantier et al., 1969) . Tumová et al. (2002) observed in rabbits in feed restriction from 35 to 42 days (50 g/d/rabbit) and from 40 to 49 days of age (65 g/d/rabbit) that their daily weight gain (DWG) decreased during restriction and the DWG in restricted rabbits was from 600 to 700 g/d/rabbit body weight lower than that of non-restricted animals. However, in the week following the restriction, the DWG was greater by 400 g/kg body weight in the restricted animals than in the rabbits fed freely and thus compensatory growth resulted in significant differences in the body weight at the end of the experiment.
Regarding the weight of the organs and the edible viscera, Tumová et al. (2006) observed that during feed restriction, kidney and liver weight decreased in the rabbits under restriction, but in the first week of free feeding, there was no difference compared with the rabbits that received free feeding. It is assumed that in re-feeding, priority is given to the development of the internal organs that grow more quickly than the other parts of the body.
The present study assessed the effects of feed restriction on growing rabbit performance, carcass and edible viscera weights and economic viability.
Material and Methods
The experiment was carried out in the Rabbit Sector of Centro Federal de Educação Tecnológica in Rio Verde, Goiás, Brazil, from January to August 2008, using 60 New Zealand White rabbits, initial mean weight 636.76±13.28 g, weaned at 33 days and slaughtered at 81 days of age. A randomized block design was used with four treatments and five replications. The blocks were conducted at different times and each block was formed by one replication of each treatment. The treatments were as follows 1 -free feeding, 2 -feed restriction from 35 to 40 days of age (50 g/d/rabbit), 3 -feed restriction from 54 to 61 days of age (90 g/d/rabbit) and 4 -feed restriction from 33 to 40 days (50 g/d/rabbit) and from 54 to 61 days of age (90 g/d/rabbit). The rabbits fed freely at all other times.
The rearing system was in open air and the animals were kept in groups of three (two females and one male) in cages with masonry sides, measuring 0.80 × 0.75 × 0.67 m (length × width × height), equipped with ceramic feeding trough and drinking fountain. Water was supplied ad libitum and the commercial pelleted feed (170 g/kg crude protein, 150 g/kg crude fiber, 20 g/kg Ca, 7.5 g/kg P, 9.4 g/kg lysine and 6.3 g/kg metionine + cysteine and 2300 kcal/kg digestible energy) was supplied according to the feeding regimen of each treatment.
Animals and the diets were weighed at the start and end of the experimental period to calculate the daily weight gain, feed intake and feed conversion. After the final weighing, animals were fasted for 12 hours and then weighed again to obtain the weight at slaughter, which served as reference to calculate the relative carcass weight. After slaughter and evisceration, head and feet were removed and the carcass was obtained and weighed 15 minutes after slaughter. The edible viscera were then weighed and their relative weights were determined in function of the carcass weight.
The economic viability was calculated considering the mean selling values of live rabbits for slaughter (R$ 7.50/kg) and the feed value (R$0.92/kg). The gross margin was obtained from the difference between the gross profit (live animal weight × R$7.50 or carcass weight × R$12.00) and the feed cost (weight of feed ingested × R$0.92). The prices were obtained from the Rabbit Raisers Association in Brasília on 04/06/2011.
The results were submitted to analysis of variance using the software SAEG (Sistema para Análises Estatísticas, version 9.1) and the means were compared by the Tukey test with α= 0.05.
Results and Discussion
There was no difference (P>0.05) in the rabbit productive performance (Table 1) due to feed restriction. The reason why there was no difference was because rabbits under feed restriction grew more quickly than normal after the restriction period, equaling the body weight (BW), daily weight gain (DWG), daily feed intake (DFI) and feed conversion (FC) at the end of the experimental period. In addition to inducing compensatory growth, feed restriction also improved feed efficiency (Dalle Zotte et al., 2005) and increased the gastrointestinal tract length (Cantier et al., 1969) , which explained the results obtained.
In monogastric animals, compensatory growth is more related to the tissues that are not part of the carcass. Researchers have studied nitrogen retention in pigs when there was large ingestion of this nutrient followed by low ingestion and suggested that these results were associated mainly with restoring the labile nitrogen stocks in the skin, viscera and blood. It is assumed that compensatory growth disappears when the nitrogen stocks are replaced (Lawrence & Fowler, 2002) .
Di Meo et al. (2007) studied the effects of free feeding and feeding restricted to 900 g/d/rabbit of the free intake for growing rabbits from 35 to 84 day of age, and observed that there was no difference in the DWG and BW results, but the DFI was 111 g/kg lower and the FC was better in restricted rabbits (3.40) compared with those that were fed freely (3.88). Yakubu et al. (2007) studied the effects of feed restriction on weaned rabbits during five weeks. The rabbits received feed ad libitum or were fed only for eight hours/day or in the skip-a-day system. The authors observed that there was no effect on the BW or FC of the animals, but the weekly feed intake and weight gain were greater for the animals feeding freely. Bergaoui et al. (2008) worked with rabbits aged 35 to 77 days and subjected to feed restriction (850 and 700 g/kg of the free feed intake). It was observed that the non-restricted animals had higher BW throughout the experimental period, but at 11 weeks of age, there was no difference in the DWG, DFI and FC between the two groups and the non-restricted rabbits. Abdel-Kafy et al. (2008) assessed rabbits fed 250 g/kg less than the animals fed freely and observed that shortly after weaning they presented lower BW and DWG on the first week. At the end of the experimental period, no difference was observed in the performance parameters between the restricted and non-restricted animals.
Different results were obtained by Tudela & Lebas (2006) , who observed that rabbit BW and DWG decreased when the animals were subjected to 200 g/kg restriction compared with the control treatment, which was of free feeding. However, the best FC was obtained with 400 g/kg restriction compared with the free feeding intake. Foubert et al. (2008) also assessed 300 g/kg feed restriction compared with free feeding intake in rabbits from 32 to 53 days of age and observed that the FC was better in the restricted rabbits, DFI (147.4 × 126.8 g/d), the BW (1906 × 1738 g) and DWG (46.8 × 43.8 g/d) decreased and the FC improved (3.11 × 2.85) in the restricted rabbits.
Gidenne & Feugier (2009) assessed growing rabbits where one group fed freely and the others had 800, 700 and 600 g/kg of free feeding for 21 days after weaning. They were then fed ad libitum. The authors concluded that between 55 and 59 days of age, the rabbits that received 70% and 60% of the free feeding reached the same intake level as the 80% group. At 69 days of age, the feed intake in the four groups did not differ, with an average of 143.7 g/kg per rabbit. However, during feed restriction, the BW and DWG decreased linearly with the level of restriction, but later with the re-feeding, the DWG increased linearly according to the level of restriction previously applied, but BW of the restricted rabbits remained lower than that of the nonrestricted rabbits.
There was no difference (P>0.05) due to feed restriction in the results of carcass weight and yield or the edible viscera relative weights (Table 2) .
According to Ouhayoun (1998) carcass yield can decrease in rabbits under feed restriction due to the longer time feed is retained in the digestive tract. As a consequence, the weight of the full digestive tract is greater, thus reducing the yield at slaughter. This effect, however, was not verified statistically in the present experiment.
Some viscera, such as the liver, heart and kidneys respond rapidly to feed restriction by reducing their size and metabolic activities (Lawrence & Fowler, 2002) . The liver loses a considerable proportion of its weight at the start of restriction and, along with the heart, can be considered a labile source of protein in times of nutritional stress.
Generally, the weight of the internal organs and edible viscera such as the kidneys and liver decreases during the restriction period and increase in the re-feeding period, so there is no difference in the weights of the edible viscera of restricted and non-restricted animals at the end of the experimental period. It is assumed that in re-feeding, priority is given to the development of the internal organs that grow more quickly than the other parts of the body (Tumová et al., 2006) . Similar results were reported by Yakubu et al. (2007) , who studied the effects of feed restriction (feeding for eight 8 h/d or a skip-a-day system) on weaned rabbits for five weeks. The authors reported that there was no difference in the weight and carcass yield, relative weights of the liver, kidney and heart. Bovera et al. (2008) studied the effects of 100 and 200 g/kg reduction in free feeding of growing rabbits on the carcass characteristics and reported that there was no difference in the hot or chilled carcass weights or in the weights of the liver and heart. Bergaoui et al. (2008) studied the effects of feeding levels (1000, 850 and 700 g/kg of free feeding intake) on the carcass characteristics of 11-week-old-rabbits and observed that the non-restricted rabbits presented lower values for CY and liver weight.
The best gross margins per rabbit (Table 3) were obtained with feed restriction in two periods and from 54 to 61 days of age and were 3.48 and 0.21% better for the animals sold live and sold slaughtered and cleaned, respectively, compared with the gross margins obtained with rabbits feeding freely.
This fact occurred because the animals under feed restriction at two different ages presented 28.3 g/kg higher BW and consumed 2 g/kg BW lower feed than the animals that fed freely. Slaughtered animals had a heavier carcass and even though they ingested more feed than the rabbits fed freely, they presented better gross margins because during the re-feeding, priority was given to recovering the organ weight. As the muscles are better formed in more mature animals, they may have felt less the effects of restriction when it was applied later.
Conclusions
Feed restriction in growing rabbits at different ages can be adopted because it does not interfere negatively in the performance and carcass parameters, but feed restriction in two periods and from 54 to 61 days of age were more economically viable for sale of live and slaughtered rabbits, respectively. Table 3 -Economic viability of the productive performance of growing rabbits subjected or not to feed restriction
